prominent in the sample. [1] [2] [3] PtztpOF shows a specific surface area (BET) of 392.88 m 2 g -1 and a total pore volume of 0.33 cm 3 gm -1 . Further, the pore size distribution (NLDFT) of PtztpOF exhibits a maximum at 1.30 nm, suggesting an abundance of micropores ( Figure   S1b ). In the solid-state 13 C CP-MAS NMR spectrum of PtztpOF, the signals were found to appear in the expected range, indicating the formation of PtztpOF ( Figure S2a ). The resonance at 51 ppm indicates the bridgehead carbons of the triptycene unit in PtztpOF. Moreover, the corresponding signals for the phenyl ring and triazine ring carbons appear in the range of 120-150 ppm and 164 ppm, respectively ( Figure S2a ). The FTIR spectrum of the PtztpOF supports the formation of a polymer organic framework. The stretching band was found to occur at 1436 cm -1 for the triazine ring in PtztpOF; there was no C-Cl stretching band at 849 cm -1 for trichloro-triazine as a starting material. [4] The FTIR spectra of HPNC-700 and HPNC-900
provide clear evidence for the presence of surface functional groups originating from N and O hetero-atoms, as can be seen in Figure S2b . After carbonization, some fine FTIR bands of the original PtztpOF disappear in the HPNC materials. In HPNC-700 and HPNC-900, the band around 3430 cm -1 is attributed to characteristic -OH stretching vibration. The intensity of this band (~3430 cm -1 ) in HPNC-900 is comparatively lower than that in HPNC-700 because of the higher degree of carbonization. The weak peak located at 1400 cm -1 stretching vibration. [4] The XPS survey spectra demonstrate the presence of carbon, nitrogen, and oxygen species, which confirms the successful incorporation of N atoms into the asprepared HPNCs materials by the direct one-pot carbonization of PtztpOF ( Figure S2c ).
Although the residual nitrogen content, evaluated from XPS survey spectra, is comparatively lower in HPNC-900 (~1.94% atomic percent) than in HPNC-700 (2.71% atomic percent), the relative content of graphitic N, evaluated from the N 1s deconvoluted spectra, is more abundant in HPNC-900 (70%) than in HPNC-700 (38%) ( Figure S2c and Figure S2d ). These results indicate that nitrogen atoms mainly reside in the graphitic layers instead of at the periphery, which can significantly increase the electrical conductivity as well as the electrochemical response of HPNC-900 compared to those characteristics of HPNC-700. In addition, the C 1s XPS peak for HPNC-700 and HPNC-900 fitted to three sub peaks at around Table S1 .Carbon, oxygen, and nitrogen content of HPNC-700 and HPNC-900. Figures S3a and S3b display CV curves of HPNC-700 and HPNC-900 in 1M KOH solution at varying scan rates from 10-100 mV s −1 in the potential window of -0.5 to +0.5 V. The rectangular shapes of the CV curves were well maintained at all scan rates, implying the ideal electrical double layer capacitor (EDLC) nature as well as the good rate capability of the HPNC materials. Interestingly, it is noted that the area under the CV curve at all scan rates is higher for HPNC-900 than it is for HPNC-700, indicating the remarkably higher specific capacitance of HPNC-900. Furthermore, the electrochemical responses for HPNC-700 and HPNC-900 in non-aqueous electrolyte (1 M EMIM-BF 4 /CH 3 CN) were also obtained at varying scan rates from 10-100 mV s −1 in the potential window of -
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Although slight distortions were observed in the rectangular CV curves of both electrode materials, the shapes of the CV curves were well maintained even at high scan rate, suggesting the good rate capability of HPNC materials in non-aqueous electrolyte. These findings might be due to the strong ionic interactions between the IL, EMIM-BF 4 and the hierarchically porous nitrogen-doped carbon frameworks of the HPNCs. [5] [6] [7] Similar to the aqueous electrolyte, HPNC-900 exhibited higher specific capacitance at all scan rates compared to HPNC-700 in the 1 M EMIM-BF 4 /CH 3 CN electrolyte. The energy conversion capability of an ionic type actuator, a kind of transducer, is a very important factor in evaluating actuators. Moreover, actuators with low energy consumption and high energy conversion capability are highly desirable for use in feasible applications.
Therefore, to investigate the energy conversion capability of the as-fabricated actuators, current density-voltage hysteresis characteristics were studied as shown in Figure S9a electrode area values are presented in Figure S9b and Table S3 ; these values were obtained by Table S3 .
The electro-mechanical efficiency of theHPNC-900/PEDOT:PSS-based actuator was 1.98 times and 1.79 times higher than that of the PEDOT:PSS and HPNC-700/PEDOT:PSS-based actuators, respectively. This result indicates that the conversion of electrical energy to mechanical energy for HPNC-900/PEDOT:PSS-based actuator is better than the other actuators. 
